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THE ROLE OF STAPHYLOCOCCUS IN GONORRHEA.* 

STUDIES ON THE GONOCOCCUS. II. 
CARL C. WARDEN. 

Los Angeles, California. 

This paper submits evidence suggesting the following tentative 
conclusions: 

i. Many, if not all, of the gram-negative, intracellular, biscuit 
or coffee-bean-shaped cocci, observed in the purulent discharge 
in acute gonorrhea, which are regarded as gonococci and which 
serve as criteria of diagnosis, are not gonococci, but belong to the 

staphylococcus group. The provisional designation Staphylococcus 
urethrae is suggested for this coccus.' 

2. True gonococci are demonstrable with difficulty or not at 
all in smears of gonorrheal exudates or in preparations of tissues. 

3. Gonorrhea may be due to a double infection and dependent 
on a microbial symbiosis. 

4. Diagnosis of gonorrhea rests on cultural methods only. The 
old criterion, the microscopic appearances of smears, is unreliable. 

The diplococci in smears of pus from acute gonorrhea (Fig. i) 
are intracellular, gram-negative, biscuit or coffee-bean-shaped, 
clear-cut, sharply outlined, and have a marked avidity for methy- 
lene blue. Comparing these characters with those of gonococci 
from recent cultures (Fig. 2), we note that single cocci predominate, 
and that they are discrete. Many are irregularly-shaped diplococci, 
many are shadowy, and of indistinct contour, some are irregular 
in size, and nearly all take the methylene-blue stain poorly. They 
are always gram-negative. When gonococci are taken up by 
leukocytes in the guinea-pig or in the test tube, they do not at 
all resemble the cocci within the leukocytes in gonorrheal pus 
(Figs. i and 3), but there are cocci, namely, the staphylococci 

* Received for publication May 26, 1913. 
1 This coccus has been described by many observers. From the literature it is apparent that it has 

been confused because of its protean character with many other organisms, including the true gono- 
coccus. 
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STUDIES ON THE GONOCOCCUS 125 

urethrae, which under the same conditions appear identical with 
them. 

In my first paper' I made certain observations in regard to 
virulent gonococci, one of which is that no colony is so young but 
that autolysis has begun. The lysis may be recognized by variation 
of size and contour, shadowy outline and faint staining. The 

staphylococcus in question does not possess this peculiarity. It 
is also noted that gonococci are not readily phagocytable. Viru- 
lent gonococci are not, as a rule, taken up, but the cocci in some 
old laboratory strains and killed cocci are taken up by the poly- 

FIG. .--Smear from pus in acute gonorrhea. 
Methylene blue. XI 200. 

FIG. 2.-Pure gonococci from culture. Carbol- 
fuchsin. X 200. 

morphonuclear leukocytes, even in the absence of serum. All 

my efforts to induce free phagocytosis of live, virulent gonococci 
have failed, whereas the staphylococcus is readily phagocytable. 

These facts lead me to question the identity and r61e of the 
intracellular diplococci, invariably seen in smears of gonorrheal 
pus, which hitherto have been accepted as gonococci. 

" STAPHYLOCOCCUS URETHRAE."1 

This designation will distinguish the coccus from other varieties 
of Staphylococcus albus, found elsewhere in the body, from which 
it differs but little. This staphylococcus has been isolated by me 

Jour. Infect. Dis., 1913, 12, p. 93. 
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from 52 cases of gonorrhea, and from 20 normal urethrae. It 

may prove to be a habitant of normal urethrae, just as the coccus 
of Welch is a resident in the skin. These organisms do not lie 

simply in the folds and crypts of the urethral canal. If such were 
the case, they would be recovered more often from the urine. They 
lie in the cell interstices and follicles of the glands, and slight 
abrasion of the mucous surface is necessary to liberate them. 
At any rate, it is common to see colonies of staphylococci starting 
from a single individual or pair adhering to the border or surface 
of an epithelial cell. When, after 12 hours' culture on ascites agar, 

FIG. 3.-Smear from liver of guinea-pig five hours 
after intraperitoneal inoculation with pure culture of 

gonococcus. Rowmanowski. X1200. 

this organism is examined in 

hanging drop and in stained 

preparations, one often ob- 
serves a slight clumping, a 

preponderating number of 
biscuit or coffee-bean forms, 
and that some take the con- 
trast stain and others retain 
the gram stain. Primary 
cultures and subcultures on 

ordinary media (broth, nutri- 
ent agar) assume the true 

staphylococcal type. 
The variability of the 

staphylococcus to the gram 
stain is important. Suspen- 

sions of the staphylococcus in NaCl solution show little or no 

change with respect to the gram stain in a month's time, whereas 

suspensions in gonococcus autolysate, weak pancreatin solutions, 
ascites and hydrocele fluids and normal serum show in progres- 
sively shorter periods of time marked gram-negative changes in the 
still viable cocci. 

From observation of cultures and a large number of phagocytosis 
experiments with 15 strains of staphylococci, I have been led to 
believe that within the urethra during gonorrheal inflammation 
the staphylococcus may be gram-negative, whereas without the 

body, in ordinary cultures, it is gram-positive. Omitting details, 
the following observations have been noted: 
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Staphylococci taken up from NaCI suspensions by human 

leukocytes and incubated for a brief period are comparatively few 
in number, usually single, and gram-positive. Up to a certain 
limit the number of cocci in each phagocyte increases with the time 
of incubation. 

Within certain limits the longer staphylococci have been in 
contact with serum before phagocytosis has taken place, the more 
numerous are the gram-negative cocci and the biscuit forms. 

FIG. 4.-Pure culture Staphylococcus albus urethra. 
Gram-negative and positive. First culture on ascitic 
agar. X 200. 

FIG. 5.-Phagocytosis of staphylococci which have 
been suspended in serum 3 hours. Incubation with cells 
3 hours. Intracellular organisms, gram-negative; extra- 
cellular organisms, gram-positive. 

The essentials for artificial production of gram-negative, biscuit- 

shaped, intracellular diplo-staphylococci, indistinguishable from 
the cocci in smears of gonorrheal pus, are the action of serum on the 
cocci for some hours at 370 C. before phagocytosis begins, and 
thereafter a period of time sufficient for complete phagocytosis to 
occur. 

The action of antisera (staphylococcus and gonococcus) upon 
the staphylococci favors phagocytosis. 

Suspensions in diluted serum for long periods of time act 

similarly to suspensions in undiluted serum for shorter periods of 
time. 
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Normal growth of staphylococci in serum and on media contain- 
ing certain proportions of serum, hydrocele or ascites fluids, is 
characterized by biscuit forms, and there appears to be a direct 
relation between these forms and the gram-negative state. Single 
forms are rarely gram-negative. 

The technic which I have used is as follows: 

Methyl violet, I per cent ..................2 min. 
Lugol's iodine ...........................2 min. 
Absolute alcohol 

........................5 min. 
Counterstain I per cent carbol-fuchsin. 

If we accept a conclusion of Benians' in regard to gram- 
positiveness of staphylococci, namely, that it is due to the action 
of iodine on the cell wall of the cocci, which prevents the alcohol 
from washing out the stain, it is possible to account for the loss 
of the stain by the physical change represented by the biscuit 
form. 

It is possible, then, to produce artificially appearances identical 
with those of the diagnostic smear from gonorrheal pus with 
staphylococci, whereas with freshly isolated virulent strains of 

gonococci it is impossible to do so. 
Of importance also in this connection is the fact that in the 

presence of serum and cells staphylococci elaborate anaphylatoxic 
substances, whereas in NaCl solution they do not." Gonococci 
and meningococci, on the other hand, always gram-negative, 
quickly yield toxic substances in NaC1 solution. Rosenow points 
out "the parallelism between the ease with which the various 
cocci disintegrate in salt solution, and the tenacity with which 
they retain the gram stain." There is, however, this distinction, 
that whereas gonococci, meningococci, and pneumococci undergo 
autolysis in the gram-negative state, there is no evidence to show 
that gram-negative staphylococci do so. It is possible that toxic 
substances may be liberated from them during normal growth. 
Gonococci behave differently in cell and serum mixtures and auto- 

lysis is hastened as compared with suspensions in NaCl solution. 

Freshly grown gonococci, after being in contact with cells and 

,Jour. 
Path. and Bacteriol., Cambridge, 1912, 17, p. 199. 

2 Rosenow, Jour. Infect. Dis., 19Q12, 10, p. 118. 
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serum for one hour, show great diminution in numbers and marked 
autolysis. Heavy suspensions in weak, slightly alkalin pancreatin 
solutions are quite clear in 24 hours. 

It is possible that the toxicity of the staphylococcus induced 
by serum, and possibly evidenced by the gram-negative state, 
exerts an influence locally in the urethra during the course of gonor- 
rhea, and also on the body as a whole, greater than has been sup- 
posed. My experiments show that rabbits inoculated intraven- 
ously and intraperitoneally with mixed cultures of urethral staphy- 
lococci and gonococci perish from doses which, given singly, exert 
no ill effects. Staphylococci are recovered from the heart's blood 
postmortem. Abscesses frequently result from inoculations of 
mixed cultures, whereas staphylococci alone much less frequently 
cause abscess, and gonococci alone never. Staphylococci grown 
in broth containing gonococcus autolysate appear to be far more 
virulent for laboratory animals than the same strains grown in 
ordinary broth. 

The staphylococcus in question grows well on all media, but 
especially on media containing leukocytic extract, and small 
percentages of pancreatin, which is of interest in view of the pre- 
dominating trypsin-like character of the enzyme of the poly- 
morphonuclear leukocyte and of the enzyme of the gonococcus. 
It is also noteworthy that media containing small amounts of 
alcohol are favorable to growth, particularly beer of which the 
acidity has been reduced. Wort and all the fluids of the beer 
process are excellent media. The gonococcus, on the other hand, 
has no predilection for such media. 

Gonococcus autolysates and dried, dead gonococci produce 
transient irritation and purulent discharge when placed in the 
normal human urethra. It is of interest that sterile pancreatin, 
an enzyme similar to the gonococcus enzyme, produces like results. 
When the exudate is spread upon a slide and stained with methy- 
lene blue there are seen pus cells, some of them containing organisms 
indistinguishable from those observed in gonorrheal pus. Greater 
irritation and more copious and prolonged discharge are observed 
following inoculation of the normal urethra with staphylococci 
freshly grown from gonorrheal pus. Stained with methylene blue, 
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the exudate is strikingly similar to gonorrheal exudate. At an 
early period of the discharge the intracellular organisms are mostly 
gram-positive. At a late period the phagocyted cocci are less 
numerous and gram-negative. 

Culture experiments with phagocyted staphylococci are easily 
made, whereas it is difficult to obtain cultures from phagocytic 
mixtures containing gonococci. The life of the gonococcus outside 
the body is at best precarious, and the leukoprotease of the phago- 
cyte only serves to hasten the dissolution of the cocci, which their 
own similar ferment has begun. For the cultivation of the intra- 
and extra-cellular cocci in a manner favorable to observation of 
their growth there was adapted a method used by me for many 
years in the study of colony formation,' namely, that of sowing the 
culture mixture upon films of culture medium spread on microscopic 
slides, contained in moist sterile petri dishes of large size. The 
cultures may be examined from hour to hour under the microscope, 
either in the fresh state or stained in situ on the culture medium 
after fixing with methyl alcohol. 

Ordinary phagocytic mixtures of staphylococci (15 strains), 
and of gonococci (15 strains), and of staphylococci and gonococci 
together, incubated at 370 C. for periods varying from 20 minutes 

to one hour, were employed in a large number of cultures. The 
medium was nutrient agar containing varying percentage of ascites 
fluid. The study of phagocytic preparations in this manner reveals 

important facts. A strong chemotaxis exists between the poly- 
morphonuclears and staphylococci, but once phagocytosis has 

occurred, the cell often becomes the prey of the cocci rather than 
the victor over them. Numbers of the cocci multiply at the expense 
of the cells. The early appearance of the phagocytes, after one- 
half to two hours' incubation, is strikingly similar, if not identical, 
to that of cells in gonorrheal pus. As time goes on the cocci multi- 

ply rapidly, escape from the cell and grow first in an irregular, 
later in a circular manner over the surface of the medium. In 
the young, round, 8-i2-hour colony the diplococcal, coffee-bean 
contours and the gram-negativeness of the individuals are well 

- Ruediger has used a similar method in studying streptococci: Jour. Am. Med. Assn., 1905, 44, 
p. 198. 
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shown, particularly at the periphery. The colonies which start 
from extracellular cocci do not differ save in a greater rapidity of 

growth. The older colonies, 24-48 hours, appear to have retained 
the gram stain in the mass, yet careful examination shows that this 
is due to the color in the cocci which are not in contact with the 
medium. 

The cocci in colonies still so young that all the individuals are 
in contact with the medium are gram-negative, and the sites of 
old colonies that have been lifted off prior to staining show the 

remaining young individuals at the periphery and the old ones in 
the center to be gram- 
negative also. The spheri- 
cal forms in the convexity 
of the colonies and the 
similar individuals forming 
colonies grown on plain 
nutrient agar retain the 

gram. 
In striking contrast are 

the appearances of the cul- 
tures from phagocytic mix- 
tures of gonococci. The 
colonies grow at one-third 
the rate of staphylococci, 
and together with the in- 
dividuals composing them 

Fig. 6.-Colonies of staphylococci (below) and gono- 
cocci (above). 12 hours. From acute case of gonorrhea. 
Hastings. X 1200. 

present a totally different appearance. No colony is so young 
but that autolysis has begun. The individuals take the stain 
(Wright or modified Rowmanowski) poorly. 

The edges of the colonies are ragged and uneven, differing greatly 
from the mathematical, mosaic-like regularity of the staphylo- 
coccus colonies. The colonies develop from isolated extracellular 
individuals and from those in contact with the cells. In no instance 
out of many hundred preparations examined was a colony observed 
to start from the few individuals Wvhich appeared to be definitely 
intracellular. The intracellular cocci do not resemble staphylo- 
cocci or the intracellular cocci in gonorrheal pus. They remain 
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apparently unchanged for hours and later slowly disappear. The 

longer phagocytic mixtures are incubated, the fewer the resulting 
colonies. 

The contrasts are still better shown in the cultures from phago- 
cytic preparations of mixed staphylococci and gonococci where 
the colonies grow side by side. The staphylococci, intra- and 
extracellular, grow rapidly. After 4-6 hours the former have 

FIG. 7.-Slide-plate colonies, 24 hours old, from a case 
of acute gonorrhea. Staphylococcus colonies, large, 
round, dead white. Gonococcus colonies, small, gray, 
hazy and less numerous. Unstained. XII. 

quite overgrown the leuko- 

cytes, while the small clus- 
ters of gonococci and the 
individual gonococci remain 

unchanged. The leukocytes 
themselves stain well after 

24 hours. 

The same culture method 
was applied to the study of 

gonorrheal pus from 52 
cases, io of which were ob- 
served on the occasion of 
each visit throughout the 
course of the disease. Eight 
or more slides were used in 
each culture. One or more 

loopfuls of pus direct from 
the patient were mixed in 
i c.c. of sterile ascites fluid 
at 370 C., and transferred 
at once to the culture slides 

having the same temperature. Incubation proceeded at 370 
The control smears and the culture slides fixed after one hour 

and stained by the same stain show all intracellular cocci to be 
identical in appearance. The cocci in the cultures, both intra- 
and extracellular, differ in no way from staphylococci and bear 
no resemblance whatever to gonococci. There are no visible cocci 

comparable to the gonococci as seen in the preceding experiments. 
Large numbers of the intracellular cocci appear to be dead, since 

they do not grow, and remain practically unchanged for a long 
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time. Similar appearances are noted in instances where staphy- 
lococci have remained for many hours in the phagocytic mixture 
before being placed on the culture medium. Many of the intra- 
cellular cocci are viable, however, and grow in a manner identical 
with the phagocyted staphylococci, forming characteristic colonies 
which on subculture yield pure growths of staphylococci. 

Gonococcus colonies develop on the same plate. It is apparent 
that individual cocci and small groups take the stain somewhat 
more deeply as growth proceeds, for they are at first indistinguish- 
able and later make their appearance by the side of leukocytes, 

FIG. 8.-Gonorrheal pus slide-plate culture after 4 
hours' incubation. Staphylococcus colony commencing 
in a leukocyte. 

FIG. 9.--Gonococcus colony 24 hours. On ascites 

agar. 

between them, or upon epithelial cells, and develop into character- 
istic colonies which yield pure cultures on transplantation. I have 
never observed a colony developing from unquestionably intra- 
cellular cocci. 

The two types of colonies conform with those in the preceding 
experiments in respect to the gram stain. It is noted that indi- 
vidual staphylococci removed from colonies in which all the other 
cocci are biscuit-shaped and gram-negative often become spherical 
and gram-positive in smears with distilled water or salt solution. 

Changes in the culture medium with respect to the ascites 
fluid and the salt percentages give rise to variants on both staphylo- 
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cocci and gonococci, but the two are never to be confused. The 

gonococcus grows only in a medium containing an optimum of 
serum or its equivalent. It is to be mistaken for no other organism 
except Diplococcus intracellularis. 

Upon the same slides with these two organisms under considera- 
tion there may develop other bacteria, but the latter are easily 
differentiated. 

It may be contended that occasionally gonorrheal pus yields 
pure cultures of gonococcus. It has not been my experience. 
Comparatively pure cultures are rare, and, in my opinion, con- 

stitute a sign of impending 
epididymitis or arthritis. 

Every clinician is familiar 
with the diminution or 
actual cessation of the ure- 
thral discharge synchro- 
nous with an oncoming epi- 
didymitis. I am inclined 
to regard this phenomenon 
as due to a fresh focus 

(autoinoculation), not of 

gonococci, but of staphy- 
lococci, for the following 
reasons: A like phenome- 
non may be brought about 

FIG. Io.-Blasted gonococcus colony showing extreme 

lysis. 

by subcutaneous inoculations of staphylococcus suspension or 
vaccin. Such inoculations also cause a rapid diminution of 

staphylococci in the cultures, though not necessarily in smears, 
so that not infrequently almost pure cultures of gonococcus are 
obtained. On the other hand, subcutaneous inoculations with 

gonococcus suspensions induce no such effects. I have also 
obtained almost pure cultures of gonococci when the smears ap- 
parently contained no intra- or extracellular organisms whatever. 

I have made a painstaking effort to identify gonococci in stained 
smears of gonorrheal pus, but without avail. I know of no means 

by which one can be absolutely certain. It has occurred to me 
that the rather large, poorly stained coccal forms, and the "plas- 
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modial" forms similar to those, often seen in gonococcus colonies 
where autolysis is excessive, both of which are observed, rarely 
within the polymorphonuclears, more often free between the cells, 
in smears might possibly be degenerating gonococci, but of them 
one cannot be sure, since they may be equally well nuclear rem- 
nants. The autolysis of gonococci is so swift under the best of 
conditions that the cocci stain irregularly and quickly lose their 
contours. How much more swiftly, then, must they vanish in the 
alkalin pus already laden with fatal autolysates and the enzyme 
of disintegrated cells ? 

As the infection progresses, the gonococcus comes less and less 
into evidence in cultures, until finally, about the sixth or eighth 
week, it has disappeared altogether. The time corresponds fairly 
accurately with that at which the complement fixation test is 
strongest. Of great interest in this connection is the fact that the 
complement fixation test for Staphylococcus urethrae directly 
parallels the gonococcus test. This test has been made in 6o 
cases, using as antigen a fresh suspension in salt solution of 15 
strains of the staphylococcus. Under perfect control it was deter- 
mined that the two tests gave like reactions up to the time when 
the gonococcus reaction began to disappear, whereon the staphylo- 
coccus reactions would continue positive until some time after the 
gonococcus reaction had become negative. It is noteworthy that 
in the cases of chronic prostatitis and of protracted arthritis and 
epididymitis which gave partial or negative gonococcus reactions, 
the staphylococcus reactions were still strongly positive. Controls 
from cases of acne and abscesses gave only partial reactions. A 
detailed report on this test will be made later. 

I have also made cultures of the exudates from epididymes and 
joints, but up to the present time the cultures have yielded staphylo- 
coccus urethrae only. 
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